
A SUMMARY OF THE RELATIONSHIPS BETWEEN BLOOD LEAD AND

LEAD-CONTAMINATED SOIL AND LEAD-CONTAMINATED DUST, AS

REPORTED IN THE SCIENTIFIC LITERATURE

1.0 Introduction

Extensive regulatory and educational efforts undertaken since 1976 have dramatically
reduced children’s average blood-lead concentrations nationwide.  The National Health and
Nutrition Examination Surveys (NHANES) trace the health and nutritional status of the
population.  The results of the NHANES report that for children between the ages of 1 and 5
years, the geometric mean blood-lead concentration declined from 15.0 µg/dL in the NHANES II
(1976-1980) study to 3.6 µg/dL in the NHANES III (1988-1991) study [1].  Despite the
reduction, childhood lead exposure is still a problem.  The first phase of the NHANES III study
estimated that 8.9 % (approximately 1.7 million) of children between the ages of 1 and 5
nationally continue to have blood-lead concentrations above 10 µg/dL, the level of concern calling
for community prevention measures as defined by the Centers for Disease Control and Prevention
guidelines in 1991 [2].

During the past 20 years, studies have been conducted to determine the sources responsible
for lead exposure in children.  These studies initially emphasized exposure from lead in paint and
leaded gasoline emissions, but increasingly have focused principally on two environmental media,
residential dust and soil, often contaminated by these original sources.  This emphasis derives
from the assessment by most researchers in the area of childhood lead exposure that hand-to-
mouth behavior represents the principal mechanism of exposure.  The studies, therefore,
constitute a significant body of epidemiological evidence on children’s exposure to environmental
lead in  dust and soil.

Traditionally, the studies summarize the epidemiological evidence of lead exposure by
reporting the associations between dust-lead or soil-lead levels and children’s blood-lead
concentrations, usually via regression relationships.  The slope coefficients associated with the
environmental media in these regression relationships characterize the estimated increase in blood-
lead concentration per unit increase in the lead levels of the particular environmental media.  If a
common estimate of a slope coefficient for either soil or dust can be agreed upon it could be used
to help develop hazard levels for environmental lead levels in soil and dust.

Dr.  Kathryn Mahaffey of the Environmental Criteria and Assessment Office of EPA
explored the possibility of finding common slope coefficient estimates in 1994 [3].  Her report
considered the body of epidemiological evidence with the objective of reporting the range of
estimated slope coefficients.  This paper summarizes Mahaffey’s report and updates it by
including results from the recent Rochester Lead-In-Dust Study [4] and on-going Baltimore
Repair and Maintenance Study [5].
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2.0 Summary of Evidence

In her report, Dr.  Mahaffey discusses the results of two separate statistical analyses
providing quantitative estimates of the associations between children’s blood-lead concentrations
and the soil- and dust-lead levels in their surrounding residential environment.  In both analyses,
associations are presented as slope coefficients indicating change in lead concentrations of blood
per change in lead levels of soil or dust.

The first analysis (“Phase 1”) is summarized from Rust and Burgoon [7].  In their report,
Rust and Burgoon calculated ‘linearized slope coefficients’ for blood lead to soil lead based on
models published in the scientific literature.  The calculated coefficients represent estimates of the
predicted change in blood-lead concentration per change in environmental soil concentration at
specified soil-lead concentrations.  For purposes of this summary, similar calculations were
performed to quantify the relationship between blood-lead concentration and dust lead
concentration and/or loading, again based on models published in the scientific literature.  The
number of studies summarized is limited because of the varied reporting practices within the
literature.  A number of studies collected the relevant data, but did not report the appropriate
regression equations.  The specific variables fitted to blood in the published regressions also vary
considerably, making comparison of the coefficients that are reported across studies difficult. 
Moreover, as many of the reported analyses utilized regression models that relate log-transformed
blood-lead concentration to log-transformed soil- or dust-lead levels, a single slope coefficient
cannot be reported for all soil- or dust-lead levels (i.e., the relationship between blood lead and
dust or soil lead is not characterized by a straight line but by an exponential curve).  To address
this issue, linearized slope coefficients are calculated from the published coefficients and reported
across a range of dust- or soil-lead levels.

The second analysis (“Phase 2”) is summarized from Marcus and Elias [8].  In their report,
Marcus and Elias reanalyze the data from seven studies (four of those considered by Rust and
Burgoon) using a consistent model.  The model used for each of these reanalyses is a nonlinear
model, also called the log-additive model, of the form

The slope parameters $  and $  relate blood lead to soil lead and dust lead, respectively.  This1  2

model has the advantage of characterizing the relationship between blood-lead concentrations and
dust- or soil-lead levels as straight lines.  Marcus and Elias performed these analyses on two strata
for each of the seven studies, the first was children between 12 and 35 months of age, the second
was children between 36 and 84 months of age.

Since the preparation of Mahaffey’s report, the results of two additional studies have been
reported, the Rochester Lead-In-Dust Study ([4], [6]) and the preliminary pre-intervention results
of the Baltimore Repair and Maintenance Study [5].  For both studies, linearized slope
coefficients were calculated for a range of soil lead concentrations and dust lead levels in a
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manner similar to Rust and Burgoon’s treatment of other studies. Slope estimates similar to those
reported by Marcus and Elias are not available for these studies as the appropriate model has not
been fitted to the data.

Table 1 presents the blood versus soil results summarized by Mahaffey [3] as well as the
Rochester Lead-in-Dust and Baltimore Repair and Maintenance results computed for this report.  
Specifically, for each identified study, Table 1 presents the observed range in blood-lead
concentrations and soil-lead concentrations, the linearized slope coefficients and the slope
coefficients reported by Marcus and Elias. 

For each study in Table 1, the Rust and Burgoon results include a linearized slope estimate
for a range of soil-lead concentrations (500 to 2000 ppm).  In addition, the slope estimate and
associated soil-lead concentration is reported for a range of potential blood-lead concentrations
(2.5-30 µg/dL).  Comparable results, calculated for this report, are reported for the Rochester
Lead-in-Dust Study.  The regression results utilized to derive the linearized slope estimates are
based on data covering a specific range of blood-lead concentrations as well as a specific range of
soil- or dust-lead levels.  Extrapolation beyond the range of the data is dangerous especially when
fitting an exponential function such as those fitted in most of the studies.  Table 1, therefore,
provides estimates only for particular soil concentrations within the range of the data.  However, a
few unrealistic estimates (indicated by an asterisk) are also included to demonstrate the range over
which the linearized estimate procedure may be viable.

In contrast to the Rust and Burgoon results, the Marcus and Elias results for each study in
Table 1 include a single estimated slope coefficient relating blood-lead and soil-lead.  This is
possible because of the form of the regression model used to reanalyze the data.  The eighth
column reports the results for children between 12 and 35 months of age, the ninth column
reports the results for children between the ages of 36 and 84 months.

Table 2 presents blood versus dust results similar to the blood versus soil results described
above.  For each study, Table 2 presents the observed range in blood-lead concentrations and
dust-lead levels, the linearized slope coefficients as described by Rust and Burgoon, and the slope
coefficients reported by Marcus and Elias.  Burgoon and Rust did not originally report results for
the blood/dust coefficients, so such results were prepared for this paper.  The Rochester Lead-in-
Dust Study and Baltimore Repair and Maintenance Study calculations as well as calculations for
the studies previously considered by Rust and Burgoon are incorporated into this table.  As in
Table 1, for each identified study, the Rust and Burgoon results include the estimated linearized
slope coefficient for a range of dust-lead levels (100 to 800 ppm or 100 to 800 µg/ft ).  In2

addition, the slope estimate and associated dust-lead level is reported for a range of potential
blood-lead concentrations (2.5-30 µg/dL).  Again, estimates outside the range of the observed
data are indicated by an asterisk.  The relevant results from Marcus and Elias are reported in the
last two columns.
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Table 3 presents the specific regression equations from which the linearized slope
coefficients in Tables 1 and 2 were calculated.  It also presents the specific equations fitted by
Marcus and Elias.

If the differences in the underlying fitted regression models are ignored and the coefficient
estimates considered together, among urban communities the reported soil slope coefficients
(µg/dL per 1000 ppm at the geometric mean soil-lead concentration) range between 0.15 and
14.38, while among smelter communities the range is between 0.03 and 11.91.  The dust slope
concentration coefficients (µg/dL per 1000 ppm) range from 0.01 to 10.44 among urban
communities (at the geometric mean dust-lead concentration) and from 1.36 to 10.60 among
smelter communities.  

In her report, Dr.  Mahaffey concluded that the estimated slope coefficients were highly
variable and that, “there is little indication of common environmental factors that can explain these
differences.” In the case of coefficients estimated from the published results, the varied fitted
regression equations presented in Table 3 explain some of these differences.  The additional
variables (e.g., age, XRFhazard) fitted as part of the reported regression results affect, potentially
significantly, the estimated coefficients on dust or soil lead.  Marcus and Elias, similarly, suggest
many reasons for the large range of slope coefficient estimates relative to the small uncertainties
associated with some of them —

“Site specific factors include soil-to-dust and paint-to-dust transfer rates, lead
particle bioavailability, and bioaccessibility.  Population specific factors include
soil and dust ingestion rates, hand-to-mouth transfer, child nutrition, and parental
awareness of lead hazards.  Slope factors may be highly sensitive to recruitment
biases and measurement errors in the data base.”

Mahaffey suggests additional possible reasons for these differences,

! “Recognition that the contemporaneous environmental lead is only one
source of lead to blood.  Remobilization of lead from body stores to blood
constitutes an “internal” source of lead.  Quantitatively the comparative
importance of these external and internal sources will vary.

! Differences in the response of blood lead to soil and/or dust lead
concentrations depend on the concentration range being evaluated.

! Relative importance for the children of soil or dust lead compared with lead
from other sources.

! Personal characteristics of the children, such as their ages, which will greatly
modify their ingestion of lead, the fractional absorption of ingested lead, and
age-dependent differences in lead biokinetics which establish the association
between blood lead and environmental lead dose.
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! Recognition that a number of other factors contribute to the range of
differences in the slope factors identified in these studies: hygiene within the
home, ethnic/racial characteristics of the subjects, nutritional status of the
subjects, and other factors (e.g.  community awareness of lead as a health
hazard).”

On top of these factors are differences in sampling methods employed, the locations sampled, and
the timing (season) of the sampling.

The results from the studies considered are qualitatively similar in that the association
between environmental lead and blood lead is consistently positive and, when considered without
the confounding from additional variables, statistically significant.  However, it is very
problematic to combine these disparate results into a single set of coefficients that provide one
representative quantitative measure of the relationship between blood-lead level concentration and
soil- or dust-lead level.  
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